Background: Leptospirosis presents diagnostic challenges to clinicians, in settings where other acute febrile illness are prevalent. The patterns of serial changes in haematological parameters in leptospirosis has not been evaluated previously.
Introduction
Leptospirosis presents diagnostic challenges to the clinicians in the presence of other acute febrile illnesses such as dengue and typhus. Laboratory confirmation is often delayed, and clinicians treat leptospirosis based on clinical suspicion. The patterns of simple laboratory investigations are of potential use to the clinician in differentiating febrile tropical diseases. Changes in full blood counts in leptospirosis have been examined in two studies, however the patterns of serial changes in these parameters have not been examined previously [1, 2] . Higher WBC and neutrophil counts have been demonstrated in patients with severe disease [3] . We conducted this study to determine the patterns of serial changes in full blood counts of patients with leptospirosis, and their relationship to disease severity.
Methods
We carried out a prospective hospital-based study. All patients admitted to medical wards of the National Hospital, Colombo and Base Hospital Homagama, Sri Lanka with clinically suspected leptospirosis (based on WHO clinical criteria) were screened during a period of one year beginning May 2012, and those with serologically confirmed leptospirosis (microscopic agglutination test [MAT] >400 or a four-fold rise in titre between acute and convalescent samples) [4] were enrolled. MAT is the standard test for laboratory confirmation in Sri Lanka. Clinical and laboratory data were recorded until the point of discharge, transfer or death. Patients fulfilling any of the following criteria were defined to have developed severe leptospirosis: renal insufficiency (urine output < 400 ml per day, creatinine > 133 μmol/L, urea > 25.5 mmol/L, dialysis); jaundice (Bilirubin > 51.3 μmol/L), ICU stay, prolonged hospital stay (>10 days), death (note: there is no standard classification of severity for leptospirosis, thus severity was based on the presence of organ dysfunction, indicators of morbidity, and mortality). We analyzed full blood count parameters from admission up to the first 14 days from the onset of febrile illness. Comparison between severity of illness and haematological parameters was performed using two sample t-test.
Results
Of 539 patients screened, 201 had confirmed leptospirosis. Total white cell counts showed a decline over the first 5 days of illness, and then rose until the end of second week, with the highest mean (14643/μL) recorded on day 14; the absolute neutrophil count showed a similar pattern of change (Figure 1 ). On the 3 rd day of fever, the majority, i.e., 75%, had normal total white cell counts, with only a quarter of patients showing leukocytosis (>11000/μL). By day 5, high total white cell counts were seen in only 38.1% of patients, with the remaining 61.9% continuing to have normal white cell counts. Leukopenia (total white cell count <4000/μL) was seen in just 16% of patients on day 5 of illness. Lymphocyte counts were lower during the first week of the illness compared to the second. Lymphopenia (i.e., absolute lymphocyte count <1200) was seen in 54% on day 5, and in just 23% of patients by day 10.
Platelet counts showed a decline over the first six days of illness and then gradually rose. Thrombocytopenia (<150 × 10 9 /L) was seen in 56.76% of the patients on the third day, and this proportion rose to 73.8% by the fifth day. Thrombocytopaenia was seen in 80.7% at some point during the course of the illness. Haemoglobin levels showed a gradual decline over the course of illness.
Mean haemoglobin and haematocrit levels were significantly lower in patients with severe leptospirosis compared to mild disease from day 3 to day 10 of illness (p < 0.001) (Figure 2) . None of the patients required transfusion during this period. Platelets were significantly lower in severe leptospirosis compared to mild leptospirosis on day 3 and 4 of illness, but no significant differences were seen in platelet counts in the two categories from day 5 onwards. Total white cell and neutrophil counts were significantly higher in patients with severe leptospirosis from day 3 to day 8 of illness (p < 0.05) (Figure 3 ). Although lymphopaenia was seen in a proportion of patients, lymphocyte counts did not correlate with disease severity.
Discussion
The findings described here are of potential use to clinicians in differentiating leptospirosis from viral infections such as dengue, and also bacterial sepsis. Normal or high leukocyte counts, lymphopenia, and lower haemoglobin and haematocrit values could potentially favour a diagnosis of leptospirosis over dengue. The changes in platelet counts are similar to patterns described earlier [1] . Our study supports the finding that thrombocytopaenia is not helpful in differentiating leptospirosis from dengue, as the pattern of reduction in platelet counts shown in this study shows similarities with dengue in the early stages (i.e., day 3 to day 5) of illness. Although neutrophil leukocytosis was not a prominent feature, leukocyte counts are normal throughout the course of illness in the majority; in contrast, nearly all patients develop leukopenia by the 3 rd day of illness in dengue [5] . Thus, the absence of leukopenia may differentiate leptospirosis from dengue. Lack of neutrophil leukocytosis may also help differentiate leptospirosis from bacterial sepsis.
In patients in whom a diagnosis of leptospirosis has been made clinically and serologically, the presence of neutrophilia and thrombocytopenia early on in the illness may predict the development of severe disease.
Conclusions
Normal or slightly elevated leukocyte counts are seen in the majority of patients with leptospirosis; lymphopenia is not a characteristic feature, and platelets could be low. A neutrophilic response may predict severe disease. Lower haemoglobin and haematocrit levels on day 3-5 of illness may help differentiate leptospirosis from dengue.
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